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Aim. The aim of the study was to determine the quantitative and qualitative content of phenolic com-
pounds and flavonoids in Deschampsia antarctica E. Desv. tissue cultures obtained from plants origina-
ting from different islands of the maritime Antarctic.

Methods. In vitro tissue culture, Folin-Ciocalteu method, spectrophotometry, HPLC analysis.

Results. The quantitative content of phenolic compounds and flavonoids in D. antarctica tissue cultures
obtained from plants of six genotypes (DAR12, DAR13, G/D12-2a, Y66, R30 and LL57) was determined. The
highest content of phenolic compounds (4.46 and 3.75 mg/g) was found in tissue cultures obtained from
root and leaf explants of plant of genotype L57. The highest amount of flavonoids (7.17 mg/g) was accumus-
lated in G/D12-2a tissue culture of root origin. The content of the studied biologically active compounds
(BACs) did not change with increasing number of subculture generations (from passage 10 to 19). HPLC
analysis showed that in D. antarctica tissue cultures, a shift in the biosynthesis of BACs occurred towards
the synthesis of more polar metabolites compared to explant donor plants.

Conclusions. It was found that the transition of cells to undifferentiated growth affected the content
of BACs, the amount of which decreased 2—5 times simultaneously with a significant changes in their
profile. This provided a basis for further biochemical studies, as well as “indicate the necessity” for care-
ful selection of tissue culture of D. antarctica to use it as a potential source of BACs.

Key words: plant tissue culture, Deschampsia antarctica E. Desv., phenolic compounds,
flavonoids, HPLC analysis.

Nowadays plant tissue culture is actively
used as a source of environmentally friendly
raw materials for the production of herbal
medicines, as well as a source of high-quality
food raw materials with a defined content of
trace minerals, vitamins, and other biologically
active compounds (BACs) [1]. The use of in vitro
culture allows, on the one hand, to produce plant
biomass in unlimited quantities in controlled
conditionsonartificial nutrient mediaregardless
of geo-climatic conditions and season [2], and, on
the other hand, to multiply the required amount
of plant material using micropropagation
technique of wvaluable species of plants, in
particular rare or endangered plants, as well as
those inhabiting hardly accessed areas [3—6].

Plant tissue culture is an effective
approach for obtaining biomass for
isolation of a number of valuable natural
organic compounds, including pigments
(anthocyanins, betacyanins), anti-
inflammatory substances (berberine,
rosemary acid), and antitumor agents
(paclitaxel and podophyllotoxin) [2, 7].

The ability of plants to accumulate BACs
is used in biotechnology and pharmacology
to obtain phenolic compounds, flavonoids,
antioxidants, alkaloids, saponins, and other
substances [8]. Most of these metabolites are
usually synthesized in response to abiotic
stress, which can be caused by low or high
temperatures, limited access to water and
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nutrients, long periods of darkness in winter
and high-level UV radiation in summer, the
presence of heavy metals in soils, ete. [9,
10]. Accordingly, in plants growing under
suboptimal or extreme conditions, the content
of secondary metabolites may be increased
due to permanent stress. One such species
that has adapted to the harsh environment
conditions of Antarctica is an extremophile
plant Deschampsia antarctica E. Desv.,
which may be promising in terms of studying
the biological activity of its secondary
metabolites. Unfortunately, the inaccessibility
of natural habitats and the restrictions
imposed by International environmental
agreements on the Antarctic territories do
not allow collecting this species for large scale
research. Establishment of in vitro culture
of D. antarctica would allow to produce the
required amount of plant material throughout
the year, as well as to experiment with it under
controlled laboratory conditions.

It is known that D. antarctica accumulates
a number of BACs, in particular, flavonoids
(orientin, luteolin and isoswertiajaponin
(7-O-methylorientin) 2"-0-beta-arabino-
pyranoside) and phenolic compounds that show
antitumor activity [11], inhibit melanoma cell
proliferation [12], as well as inhibit the growth
of colorectal carcinoma and its metastasis to
the liver [13]. Therefore, this plant is a very
attractive natural source of these substances,
because flavonoids also exhibit antioxidant
properties. It is believed that antioxidant
compounds from D. antarctica can be used in
the pharmaceutical and food production, as
well as in cosmetology [12].

Our previous studies have determined
the quantitative and qualitative content

of phenolic compounds and flavonoids in
D. antarctica plants growing in nature and
cultured in vitro, regenerated plants, and
plants grown in a growth chamber [14]. The
aim of this work was to determine the content
of these compounds in the established tissue
culture of D. antarctica as a potential source
of these BACs.

Material and Methods

Establishment of D. antarctica tissue
culture. Tissue cultures of D. antarctica
investigated in this study were obtained from
plants of six genotypes grown in vitro from
seeds collected from five locations nearby the
Ukrainian Antarctic Station Academician
Vernadsky (Table).

The plants in vitro were cultured at 16—
18 °C with a 16 h light/8 h dark photoperiod
at a light intensity of 6 500 lux and relative
humidity of 55-65% on the Gamborg’s Bj
medium [15], supplemented with 0.1 mg/L of
1-naphthylacetic acid.

Conditions for induction and proliferation
of D. antarctica tissue culture are described
in detail in [16]. Root, leaf, and shoot growth
point segments of in vitro plants were used as
explants. To induce callus formation explants
were placed on the Murashige and Skoog
(MS) [17] or B; media supplemented with
various concentrations of phytohormones
such as 2,4-dichlorophenoxyacetic acid (2,4-
D), 6-benzylaminopurine (BAP) and kinetin
(Kin). Tissue cultures were grown in the dark
at 16-20 °C and subcultured every four weeks.

Preparation of extracts for biochemical
analysis. To determine the total content of
phenolic compounds and flavonoids in cultured

Characteristics of the studied tissue cultures of D. antarctica

No Seed collection location Genotype Explant Passage
1 DARI12 roots 11
2 Darboux Island regen]ztéaftielfplan ¢ roots 12
3 DAR13 shoot growth point 7
4 G/D12-2a shoot growth point 10
5 Galindez Island G/D12-2a shoot growth point 19
6 G/D12-2a roots 19
7 Rasmussen Oasis R30 roots 7
8 Great Yalour Island Y66 roots 10
9 . L57 roots 6

0 Lahille Island 157 lonves
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tissues, 96% ethanolic extracts of lyophilized
tissues were used. Ethanolic extracts were
prepared as follows: a sample of 20 mg of
dried tissue was ground to a powder using
a ball mill and extracted with 2 mL of 96%
ethanol at 27 °C for 18—20 h, then subjected to
30 min ultrasonic extraction in an ultrasonic
bath. The extracts were centrifuged and the
supernatant was collected for the analysis. For
HPLC analysis, the ethanolic extracts were
concentrated 10-fold using Savant SpeedVac
vacuum concentrator. Biochemical analysis
was performed in three repetitions per callus
tissues of each genotype.

Determination of total phenolic content.
The total phenolic content in cultured tissues
extracts was determined using the Folin
and Ciocalteu assay [18], which is based
on colorimetric reaction between phenolic
compounds and the Folin-Ciocalteu reagent
(phosphomolybdic-tungstic acid) resulting
in the production of molybdenum-tungsten
blue, the concentration of which was measured
spectrophotometrically.

The appropriate volume of extract was
adjusted to 100 pL with 96% ethanol. To
the resulting solution, 200 puL of 10% (v/v)
aqueous solution of Folin-Ciocalteu reagent
was added and stirred for 20-30 s. Then,
800 pL of 7.5% aqueous NayCO; solution
was added to create an alkaline environment
optimal for the reaction. The resulting
solutions were left for 2h at room temperature
before the measurement of the absorbance at
765 nm using a spectrofluorometer Fluorat®-
02-Panorama in the spectrophotometer mode.

The calibration curve was constructed
using standard solutions of ferulic acid. Data
were expressed as mg of ferulic acid per 1 g of
dry weight.

Determination of the total flavonoid
content. Total flavonoids expressed as
rutin equivalents were quantified using
spectrophotometric assay. This technique is
based on the ability of flavonoids to form a
coloured complex with aluminium [19].

The appropriate volume of extract was
adjusted to 1 mL with 96% ethanol. The
resulting solution was mixed with 360 pL
of 5% NaNO, and incubated for 5 min,
then 600 pL of 2% AIlCl; was added, mixed
thoroughly, and left for 6 min. Then 600 uL of
1 M NaOH solution was added and incubated
for 10 min. The reaction mixture changed
colour to pink; the absorption of the formed
complex was measured at 510 nm using a
spectrofluorometer Fluorat®-02-Panorama in
the spectrophotometer mode.

The calibration curve was constructed
using standard solutions of rutin. Data
were expressed as mg of rutin per 1 g of dry
weight.

Qualitative analysis of phenolic compounds
and flavonoids. Profiling of phenolic
and flavonoid content in D. antarctica
tissue cultures was performed using high
performance liquid chromatography (HPLC).
HPLC analysis was performed on a Shimadzu
HPLC10Avp system (Japan) using a Zorbax
Eclipse column (XDB-C18, 6x250 mm, 5 pm,
Agilent) with a Waters Symmetry C8 pre-
column. Chromatographic conditions: mobile
phases were acetonitrile (B) and deionized
water + 1% formic acid (A); gradient: increase
from 10% B to 40% B in 22 min; the total run
time: 30 min. Column temperature: 40 °C, flow
rate: 0.8 mL-min!, injection volume: 20 L,
UV detection: at 318 nm.

Standards (luteolin, apigenin, orientin,
rutin, quercetin, and kaempferol) were
dissolved in 96% ethanol.

Statistical analysis. Descriptive statistics
methods were used to analyse the data. The
significance of the differences in the content of
phenolic compounds and flavonoids in extracts
was assessed using Student’s ¢t-test at P<0.05.

Results and Discussion

Biochemical analysis showed that the
content of phenolic compounds and flavonoids
in ethanolic extracts of D. antarctica tissue
cultures ranged from 1.65 to 4.46 mg/g
in terms of ferulic acid and from 0.15 to
7.17 mg/g in terms of rutin, respectively.

The data in Fig. 1 show that the largest
amount of phenolic compounds among the
studied calli was found in the tissue culture
of genotype L57, and the largest content of
flavonoids was in the tissue culture of genotype
G/D12-2a.

Previous study determined the quantitative
and qualitative content of phenolic compounds
and flavonoids in D. antarctica plants growing
in nature and cultured in vitro, regenerated
plants and plants grown in a growth chamber
of seven genotypes (DAR12, DAR13, G/D12-
2a, R30, Y66, Y67, L57) [14, 20]. Biochemical
analysis of D. antarctica tissue cultures showed
that the content of phenolic compounds in
calli of different origins was 2—5 times lower
compared to the content of these substances in
the explant donor plants. Only in tissue culture
of root origin of genotype L57, the amount of
phenolic compounds was twice as high as in the
roots of the initial in vitro plant. The content of
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flavonoids in tissue cultures was 1.2—4 times
lower compared to aseptic plants, and in the
tissue culture of genotype DAR13 it was 18
times lower. In the roots of the plant of genotype
R30 the content of flavonoids was the highest
(17.4 mg/g), whereas in the tissue culture
obtained from it the flavonoid amount was two
orders of magnitude lower (only 0.15 mg/g).

There are a number of reports showing
that the content of secondary metabolites and
their profile depends on the type of tissue
of the initial explant. Thus, in particular,
a significant difference in the quantitative
content of various secondary metabolites was
shown in callus cultures of different origins
(obtained from cotyledons, nodes, leaves, and
roots), including furanocoumarin psoralen in
Psoralea corylifolia L. [21], podophyllotoxin
and other lignanes in Podophyllum peltatum L.
[22], and isoflavonoids in Pueraria lobata
(Willd.) Sanjappa & Pradeep [23].
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Fig. 1. The quantitative content of phenolic
compounds (4) and flavonoids (B) in D. antarctica
tissue cultures of different genotypes obtained
from different explants

Explants, which were used to initiate tissue
culture: r. — root, 1. — leaf, s. g. p. — shoot growth
point.

* — statistically significant differences from
the explant donor plant at P < 0.05
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The results of biochemical analysis showed
that D. antarctica tissue culture obtained
from the shoot growth point explants did not
differ significantly from the callus culture of
root origin in the content of neither phenolic
compounds nor flavonoids.

We conducted qualitative analysis of
phenolic compounds and flavonoids in extracts
from D.antarctica tissue cultures using HPLC.
The obtained chromatographic profiles were
compared with those of plants of this species.
HPLC chromatogram of phenolic compounds
contained in ethanolic extracts of in vitro plant
and tissue culture are presented in Fig. 2.

Previously we found that the main part
of flavonoids and phenolic compounds in
extracts of D. antarctica are five most
abundant metabolites, that were present in
similar ratios in the samples of wild and in
vitro grown plants [20]. The most abundant
was unidentified substance 3 corresponding
to the peak which had the largest area in
all analysed samples. One of the five most
abundant substances from the extracts of
plants was identified as orientin or luteolin-
8-C-glucoside (peak 2 in Fig. 2, A).
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Fig. 2. HPLC chromatogram of phenolic
compounds from the leaf extracts of D. antarctica
in vitro plant (A) and tissue culture (B)
Detection wavelength of 318 nm
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HPLC analysis showed that D. antarctica
tissue cultures differed from the initial plants
in chromatographic profiles (Fig. 2, B). As can
be seen from HPLC chromatogram, in tissue
cultures, the biosynthesis of BACs is shifted
towards the formation of more polar metabolites.

None of the analysed tissue cultures
contained any of the five main metabolites
(including the orientin we identified) that are
present in D. antarctica plants. Instead, three
other more polar compounds were found, one
of which was present in smaller quantities in
plants (Fig. 2). Tissue cultures of different
origins contained mostly the same set of
substances, but the ratios of these metabolites
varied to alarge extent and were not associated
with type of explant used for callus initiation.

Thus, it is shown that the transition of cells
to an undifferentiated state in the process of
callus formation and subsequent growth of
tissue cultures in vitro is accompanied with a
decreasein thecontent of BACsand asignificant
alteration in their qualitative composition.

It is known from the literature that the
content of BACs in tissue cultures of some
plant species is also low, like D. antarctica. For
example, the amount of phenolic compounds
in callus cultures was 7.69 mg/g in Salvia
officinalis L. and 4.83 mg/g in Trigonella
foenum-graecum L. callus; and the content of
flavonoids in callus cultures was 4.3 mg/g in
Vinca minor L. and 6.82 mg/g in Catharantus
roseus (L.) G. Don [24]. It has been suggested
that the low yield of secondary metabolites in
tissue cultures may be due to the lack of cells
differentiation [2].

It is known that the synthesis of secondary
metabolites in in vitro culture is influenced
by such factors as the initial plant genotype,
culture duration, mineral and carbohydrate
composition of the nutrient medium, the
concentration of phytohormones, etc. [4, 25,
26]. It should be noted that all the studied
tissue cultures of G/D12-2a genotype were
cultured on the By medium supplemented
with 2 mg/L 2,4-D and 1 mg/L BAP, whereas
the others were cultured on the MS medium
supplemented with 1 mg/L 2,4-D and 1 mg/L
Kin. Therefore, it can be assumed that the
highest content of flavonoids (3.78-7.17mg/g)
in the calli G/D12-2a among all tissue cultures
may be associated both with the composition
of the nutrient medium and with the influence
of the genotype. No significant changes in the
content of phenolic compounds and flavonoids
were observed in cultures of this cell line with
different period of subculturing (10 and 19
passages).

In tissue culture under isolated growth
conditions, the range of synthesized
compounds may expand and substances that
are not typical of an intact plant may appear
[27]. The results of HPLC analysis of tissue
cultures D. antarctica indicate a similar
phenomenon occurring.

Loss of systemic control of metabolic
processes, which occur in a whole plant, due
to transition of plant cells, tissues, and organs
to isolated growth conditions can lead to the
appearance of metabolites typical either of the
juvenile stage of plant development or of some
primitive ancestral species. The biosynthesis
of many compounds in undifferentiated
tissues is reduced, and the appearance of new
substances in tissue culture may be associated
with the regeneration of roots, shoots, and
other morphological structures, that is,
with the process of tissue differentiation [4,
27]. For some plant species, several reports
showed the appearance in in vitro culture of
valuable secondary metabolites, which are not
accumulated in intact plants. For example,
Dioscorea deltoidea Wall. Ex Griseb tissue
culture was demonstrated to synthesize 26-S
isomers of protodioscin and deltoside, which
were not observed in intact plant [28], in
Rauwolfia serpentina Benth. ex Kurz tissue
culture, a number of new indole alkaloids was
identified [4, 29], in Catharantus roseus tissue
culture, a serpentine was detected [24]; whereas
Celosia cristata L. tissue culture produced a
new betalain pigment celoscristatin, which was
not found in intact plants, etc. [30].

There are a limited number of studies
of in vitro cultivation of D. antarctica. It
was reported about a convenient method of
micropropagation of this species through
tissue culture, which can increase four to five
times the amount of plant material produced
within three months, because natural
vegetative propagation of D. antarctica is very
slow [31], and about a method for the culture
and mass micropropagation of D. antarctica
in vitro using a photo-thermo-bioreactor, the
advantage of which is the creation of conditions
to increase the growth of biomass of this
species and increase the synthesis of secondary
metabolites with valuable medicinal properties
[32]. The use of a specific temporary immersion
photobioreactor has been proposed to increase
both D. antarctica biomass production and
phenolic metabolites accumulation by UV-B
elicitation during cultivation [33].

Our previous study showed that the
quantitative content of phenolic compounds
and flavonoids in wild and in vitro grown
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D. antarctica plants of different genotypes
can vary within a certain range [20]. It
is known that the biochemical properties
of plants producing BACs depend both
on genetic characteristics and on growth
conditions (cultivation), so the wvariation
within the species at the population level is
preserved in in vitro culture. Such variation
is primarily manifested in the peculiarities
of in vitro morphogenesis and the ability to
synthesize secondary metabolites [4, 34].
The data of biochemical analysis showed a
lower content of BACs in the studied tissue
cultures of D.antarctica compared to explant
donor plants. Furthermore, it was found that
the reversal of cells to an undifferentiated
statein the process of callus formation resulted
in the alterations of qualitative composition
of phenolic compounds and flavonoids, in
particular in increased synthesis of more polar
metabolites compared to explant donor plants.
The findings of this study provide a basis for
further biochemical studies of D. antarctica
tissue cultures, as well asindicate the necessity
for a careful selection of tissue cultures to be
used as a potential source of BACs.
Conclusions. The content of BACs in D.
antarctica tissue cultures obtained from plants
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Mera. BusHauuty KiJbKiCHUE Ta AKicHUHT
BMicT ()eHOJIBbHUX CIOJYK 1 (PJIaBOHOIAIB ¥ KYJIb-
Typax TKaHUH Deschampsia antarctica E. Desv.,
OTPUMAHUX BiJ POCJIMH, 1[0 IOXOAUJIN 3 Pi3HUX
ocTpoBiB MopchbKOi AHTAPKTUKH.

Meromu. Kynwsrypa in vitro, merom Poi-
Ha-YoKaabTey, CIEKTPO(POTOMETPUYHNNA aHAJIi3,
BEPX-anaimis.

Pe3yabraTn. BusHaueHO KiJbKicHUU BMicT
(heHOSBPHUX CIOJYK Ta (DJIABOHOINIB Y KYJbTypax
TKaHuH D. antarctica, oTpuMaHUX BiJ POCIUH
mrectu reroruniB (DAR12, DAR13, G/D12-2a,
Y66, R30 ta L57). Haiibinbiry KinbKicTs Qe-
HOJILHUX CIOJYK (4,46 Ta 3,75 Mr/r) BUABJIEHO
Y KyJAbTYypPi TKAHUH, OTPUMAaHIN 3 KOPEHEeBUX Ta
JIMCTKOBUX EKCILIAHTIB pociuHu reHorumy L57.
Haii6insmum BmicToMm daaBonoifis (7,17 mr/r)
xXapakTepusyBaJyacsa KyJabTypa Tkauu G/D12-2a
KOPEHEeBOr'o IIoXomkeHHs. KiabKicTh mociaimxe-
Hux Giosoriumo aktuBHuUX croayk (BAC) mpak-
TUYHO He 3MiHIOBajach 3i 30iJbIIIEHHAM TpHUBa-
Jgocti kyapTuByBaHHA (Big 10 mo 19 macaxky).
Mertomom BEPX-ananisy nmokasano, 110 y KyJabTy-
pax tkaHuH D. antarctica BigdoyBaeThcA 3cyB 6io-
cuntedy BAC y 0ik yTBOpeHHS OiJIBII IOJAPHUX
MeTaboJIiTiB, MOPiBHAHO i3 pocanHaMU-T0HOPaAMU
eKCIJIAHTiB.

BucrHoBku. BcTaHOBIIEHO, 10 IIepeXit KJIiTHH
o Heau(epeHI[IHOBAHOTO POCTY in vitro BIJIUBAE
Ha BMicT BAC, KinbKicTh AKMX 3MEHITYETHCA Y
2—5 pasiB 04HOYACHO 3i 3HAUHOIO 3MiHOIO IXHBOT'O
aricHoro ckiany. lle mae migcraBu A momasb-
muxX 6ioXiMiuHMX OCTiIKeHb, a TAK0OK IIOKa3ye
HeOoOXiHICThL peTesibHOTO A06OPY KYJIBTYDP TKa-
HUH D. antarctica niss BUKOPUCTAHHA 1X AK IIO-
TeHIitiHoTO MKepena BAC.

Knwuwosi cnosea: KyabTypa TKaHUH POCJIUH,

Deschampsia antarctica E. Desv., GpeHOJBHI c110-
ayKu, GaaBonoingu, BEPX-anais.
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eas. OnpenenuTs KOJMUECTBEHHOE U Kaue-
CTBEHHOE coZlepiKaHre (PeHOJIBbHBIX COeJUHEHNH 1
(yraBOHOMIOB B KyJAbTypax TKaHelr Deschampsia
antarctica E. Desv., TOJyUeHHBIX OT PACTEHUI C
PasHBIX 0cTPOBOB MOpCKOM AHTAPKTUKH.

Metoasi. Kynbrypa in vitro, meron ®oinHa-
Yoxkanbrey, COeKTPO(GOTOMETPUUECKUII aHAJIU3,
B X-ananus.

PesyasraTtsl. [IpoBeieH aHaIm3 KOJIMIECTBEH-
HOTO cojep:kauusi (PEHOJbHBIX COEIUHEHUH u
¢d1aBOHOUIOB B KyJIbTYpax TKaHeli D. antarctica,
MOJYYEeHHBIX OT PaCTeHUH IIIeCTH TeHOTUIIOB
(DAR12, DAR13, G/D12-2a, Y66, R30 u L57).
Hawubosbiee KOJIMUYeCTBO (DEHOJIBHBIX COETUHE-
Huii (4,46 u 3,75 Mr/r) 00HAPYKEHO B KYJbType
TKaHel, IOJYy4YeHO! M3 KOPHEBBIX U JIMCTOBBIX
SKILJIAHTOB pacTeHus reHoruna L57. Hauboub-
muM cofepskanueM (aaBoHoumoB (7,17 mr/r)
XapaKTepusoBajiach KyJabTypa TKaHeirt G/D12-2a
KOpPHEeBOro mpoucxokaeHusa. KosmuecTBo mccie-
IOBAaHHBIX OMOJIOTMUYECKW AaKTUBHBIX BeIIeCTB
(BAB) nmpakTuYecKu He MEHSJJIOCH C YBeJIUUYEHEM
OPOAOJIMKUTEIbHOCTH KyJabTuBUpoBauuA (¢ 10 1o
19 maccaka). Metomom BIOiKX-ananusa nmokasa-
HO, UTO II0 CPABHEHUIO C PACTEHUAMU-TOHOPAMU
SKCILJIAHTOB B KYJIbTypax TKaHeul D. antarctica
IPOUCXOUT cMeltieHue 6uocuaTe3a BAB B cTopo-
HY o0pasoBanus 0oJiee MOJIIPHBIX METa00JINTOB.

BeiBOaBI. YCTAaHOBJIEHO, UYTO IIEPeXO] KJie-
TOK K HeZud@depeHIIMPOBAHOMY POCTY in vitro
BIUsET Ha comepskanue BAB, KosmuecTBO KOTO-
PBIX YMEHBINaeTcsa B 2—5 pas OJHOBPEMEHHO CO
3HAUUTEJbHLIM M3MEHEHHEeM HX KaueCTBeHHOTO
cocTaBa. ITO JaeT OCHOBAHMUE IJA JAJIbHEHIINX
OMOXMMMUYECKHUX HCCJIeNOBAHNI, a TaK)Ke CBUIe-
TeJBCTBYET 0 HEOOXOAUMOCTH TIATEJIHLHOTO OT0O-
pa KyapTyp TKaHel D. antarctica 1jd UX UCIIOJb-
30BaHUA B KAUECTBE IMOTEHIIUATHHOTO UCTOUHUKA
BAB.

Kntouesvle cnosa: KyabTypa TKaHell pacTeHUH,
Deschampsia antarctica E. Desv., (eHOIbHBIE
coefuHeHUd, (praBoHOUABI, BOKX-ananms.





